Introduction {#S1}
============

The arch of the human foot is intrinsically unstable and to make the bipedal gait more effective and efficient, certain evolutionary musculoskeletal adjustments are in progress that are reflected in many of the muscles and bones of the foot.^[@R1]^ Phylogenetically, the human fibularis tertius (FT) muscle is relatively young structure and coincides with bipedal locomotion.^[@R2]--[@R6]^ Its various modes of insertions suggested that it helps in the midfoot stability, which is also a recent development in the ontogeny.^[@R3]^ In this case report, we describe a unique case of variant insertions of the FT muscle and a lateral plantar muscle and have discussed the possible biomechanical advantage of these insertion, in support of the aforesaid hypothesis.

Case Report {#S2}
===========

During routine cadaveric dissection a number of variant connections and insertions of the FT muscle were observed in the right foot of a 64-year-old female. The FT, after originating from lower part of fibula bifurcated into medial and lateral slips in the dorsum of the foot. The medial slip crossed the tarsometatarsal, metatarsophalangeal and interphalangeal joints to attach to the under surface of the dorsal digital expansion of the fifth toe and on the dorsum of the head of the fifth metatarsal bone ([Figure 1](#F1){ref-type="fig"}). At the mid foot region, the lateral slip formed a thick (5 mm × 20 mm) oblique fibrotendinous band that crossed the lateral border of the foot and connected the FT with the flexor digiti minimi brevis (FDMB), a muscle residing in the third planter layer. Another notable variation was seen in the FDMB muscle, which originated from lateral process of the calcaneal tuberosity along with abductor digiti minimi and passed onto the lateral surface of the fifth metatarsal bone close to the tendinous insertion of the FT muscle of the dorsum of the foot ([Figure 1](#F1){ref-type="fig"}, inset). The tendon of the FDMB received the lateral head of the FT insertion at the base of the fifth metatarsal bone. No abnormality was noted in the innervations pattern of the anomalous muscles. No scar was found in the skin of leg and foot. The anatomy of the left foot was unremarkable. Because these findings were detected during cadaveric dissection, we were unable to detail the case history.

Figure 1Photograph of the lateral aspect of the foot showing the structures of the dorsum and proximal portion of the fifth metatarsal bone (MT5). The medial slip (MH) of the bifurcated fibularis tertius tendon (FT) attached to the dorsal digital expansion of the 5th toe, and the lateral slip (LH) attached to flexor digiti mini brevis (FDMB). Fibularis brevis tendon (FB) attached to the base of the fifth metatarsal bone. EDL, Extensor digitorum longus. Inset: Surgical forceps and knife handle is placed under MS and FDMB close to the insertion of this tendon into the metatarsal bone. The entire course of the FDMB and the broad site of attachment of this structure to the base of the fifth metatarsal bone are seen.

Discussion {#S3}
==========

Classically the anatomy textbooks describe that the FT muscle inserting into the dorsal surface of the base of the fifth metatarsal bone, extending into the nearby deep fascia.^[@R7],[@R8],[@R9]^ Numerous studies list varying insertions of the FT muscle. Rourke *et al.*^[@R6]^ enumerated the various modes of insertion of the FT, and in their own study it was observed that the tendon was inserted into the dorsal surface of the shaft of both the fourth and fifth metatarsals that extended onto the under surface of the bone. Bryce^[@R10]^ described that the tendon ended partly or wholly upon the fourth metatarsal bone. The FT may be absent up to 18% of population and its absence neither affected the movement of the midtarsal joints nor increased the incidence of either ankle or 5^th^ metatarsal bone injury.^[@R9],[@R11]^ Also duplication of the FT tendon has been reported to have a 1--2% incidence in human.^[@R12]--[@R15]^ The FT has been described as a partially separated portion of extensor digitorum longus (EDL).^[@R7],[@R16]^ Even intertendinous connections have been observed between the FT and the EDL.^[@R9]^ Wood-Jones^[@R17]^ reported that probably the FT has migrated from the foot in an upward direction and became an extrinsic muscle of the leg. The more proximal attachment of the FT muscles to the tarsal bones suggests a more evolved structure.^[@R4],[@R18]^ We presume that due to specialized and efficient needs of the human foot during walking and running, the FT might have lost its insertion into the fifth digit; therefore, a strong fascial attachment has been developed on the dorsum of the lateral border of the foot. Joshi *et al.*^[@R5]^ found that in 4% cases (n=110), the insertion extended beyond fifth metatarsal up to metatarsophalangeal joint of fifth toe, and in 1.5% cases, it extended up to the proximal phalanx of little toe. In the present study, the insertion of the muscle (FT) was on the dorsum of the fifth metatarsal near its head, and a there was an aponeurotic extension of this tendon that progressed towards the lateral surface of the proximal phalanx of the little toe. Rourke *et al.*^[@R6]^ noted that the tendinous fibers fanned out and curved like a hockey stick to get inserted around the fifth metatarsal. A bi- or trifurcated trapezoidal insertion of the FT tendon into the fifth metatarsal was also observed.^[@R9]^ The bifurcated tendon in the present case is another variant insertion of FT as mentioned by Rourke *et al.*^[@R6]^ Although it is a weak muscle, but the contractions of the FT may be responsible for delayed healing of the fifth metatarsal shaft fracture.^[@R19]^ Avulsion fracture or stress fracture of the fifth metatarsal bone is common but more distal insertion of the FT tendon has little influence on healing.^[@R19]^ The FT has been used with great advantage in various reconstructive and corrective surgeries in the foot.^[@R6]^

The FDMB arises from the medial part of the plantar surface of the base of the fifth metatarsal bone, and from the sheath of fibularis longus. In this case study, it has taken origin from the lateral process of the calcaneal tuberosity. It has a distal tendon that inserts into the lateral side of the base of the proximal phalanx of the little toe; this tendon usually blends laterally with the abductor digiti minimi. Some of its deeper fibres extend to the lateral part of the distal half of the fifth metatarsal bone, constituting what may be described as distinct muscle, opponens digiti minimi. These aberrant muscles are of special interest with their peculiar insertions. They were found in the different fascial compartments for the little toe as FT comes from dorsal surface and gets connected with a third plantar layer muscle FDMB. To our knowledge, there are no previous reports which have mentioned the existence of a well-developed dorsal and plantar muscle which inserted into both the fifth metatarsal and toe, until this case study.

During development, the hindlimb bud muscles originate from lumbar (L) and sacral (S) somites, whereas the connective tissue and tendon originate from somatopleuric mesoderm. The mechanism by which the muscles become anchored to the developing bones by the tendons is not clear. The myogenic cells from the differentiated somite mass invade the limb bud. The primitive myoblasts migrate through a non-random, structured network of extracellular fibrils. The extracellular fibrils direct the migration of the cells. Initially blocks of premuscle are formed that divide and subdivide rapidly. The final subdivisions get attached to developing bones (tarsal, metatarsal, and phalanges in the foot) to form individual muscles of the limb. The mechanisms that that lead to divisions of these muscle masses are not known. It can be speculated that the myogenic mass that forms the FT (L~5~, S~1~) and FDMB (S~2~, S~3~) are very close in the early embryo. The anchoring and separating mechanism of individual muscle mass in the extracellular fibrils got intermingled for these muscles that may be responsible for this kind of anomaly.^[@R8],[@R20]^

Electromyographic studies show that FT along with extensor digitorium longus and tibialis anterior acts as a dorsiflexor of the foot. When it acts with fibulars longus and brevis, it acts as a strong evertor of the foot. During the stance phase of walking the FT helps in transmission of body weight along the lateral part of the foot and also maintain the lateral longitudinal arch. The lateral arch is adapted to transmit weight and thrust rather than to absorb such forces; as a result, the arch is always under compression. To be able to withstand these strong compression forces, muscles and ligaments that can handle such compression must support the arch of the foot. The FT muscle along with other extensor muscles of the foot becomes active during swing phase of walking helping the foot to clear off the ground. In cases where the FT is absent, the fibularis longus and brevis muscle is recruited during the swing phase of walking suggesting that the FT muscle, in hominoid lineage improved the human bipedalism.^[@R11]^

The lateral arch of foot is comparable to a segmental arched bridge with an overhead support from the FT muscle. The junction between the segments is potential weak points. The modifications of the FT insertion and the FDMB attachment noted in the present study and also by other researchers^[@R5],[@R6]^ stabilize the segments of the arch from the bottom or the sides.^[@R21]^ An accessory or displaced attachment, communication between muscles or tendon may provide additional support to the arches of the foot. With evolution, the mid-foot became stable, and we presume that these accessory tendons may be remnant of some missing link muscles, which were present in subhuman primates.^[@R22]^ The modifications of the muscle insertion acted like a truss between the segments of the arch (bowstring arch truss). Thus, it seems, the whole evolutionary process of the FT muscle is constantly evaluating the truss styles for the safety of the arches of the foot. To test this hypothesis, a detailed comparative study of the muscles, bones, and soft tissue of the hominoid apes, which have detailed similarities with modern humans, is required.
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